We investigated the prevalence of Baylisascaris procyonis in raccoons living in the metropolitan area of Portland, Oregon, USA, in order to assess the potential public health risk involved in the transmission of B. procyonis to humans and companion animals. Sixty-nine euthanized raccoons were collected from Portland wildlife-control agencies. Infection with B. procyonis was determined through the harvesting of adult worms from raccoon intestines during necropsy and by fecal analysis using modified double-centrifugation technique with a sugarflotation solution. Fifty-eight percent of sampled raccoons were found to be infected with B. procyonis. Juveniles represented a greater percentage (64%) of raccoons captured by wildlifecontrol agents and were found to have the highest prevalence (70%) and heavier adult worm burdens (mean535 worms). No gender bias was evident. This is one of the few studies of Baylisascaris prevalence in the Pacific Northwest, and it demonstrates that there is a high prevalence of B. procyonis in raccoons inhabiting the Portland area. This factor should be considered in raccoon relocation and management. The data also suggest that juvenile raccoons are the major potential source of B. procyonis contamination in the Portland community and may merit special attention to minimize their interaction with humans.
INTRODUCTION
Baylisascaris procyonis (Nematoda:Ascaridoidea) is a roundworm found in the small intestines of raccoons (Procyon lotor), and it is a common cause of clinical larval migrans in animals. An adult female worm can produce a prodigious number of eggs (estimates are as high as 115,000 to 179,000 eggs/worm/day), leading to heavy environmental contamination (Gavin et al., 2005) . The eggs can infect raccoon kits directly when ingested either from the den bedding or from the contaminated fur of the sow. Adult raccoons appear to be more resistant to direct infection, although they can become infected by B. procyonis indirectly when they consume infected intermediate hosts (Kazacos and Boyce, 1989) .
Intermediate hosts, including more than 90 species of birds and mammals, commonly become infected by consuming embryonated eggs while foraging for undigested seeds in raccoon scat (Page et al., 1999) . However, because B. procyonis eggs are sticky and tend to adhere to a number of substances, animals may also become infected through grooming or from areas previously inhabited by raccoons (Kazacos and Boyce, 1989) . Outbreaks of neurologic disease in animals housed within wildlife rehabilitation centers (Kidder et al., 1989) and zoological parks (Stringfield and Sedgwick, 1997) have been presumed to be a result of B. procyonis infections contracted through contamination of cages with raccoon feces (Kazacos, 2001) .
Baylisascaris procyonis larvae embark on an aggressive migration through the intestinal wall of an intermediate host into somatic tissues, which may include the central nervous system (described as cerebrospinal nematodiasis). Unlike other migrating ascarid larvae, B. procyonis larvae continue to grow rapid, to a length of up to 1.9 mm, causing severe neuro-logic damage through a strong inflammatory reaction to larval secretory products, in addition to mechanical damage to neural tissue (Kazacos, 2001 (Wise et al., 2005) . The majority of reported cases involved children between the ages of one and four years old and special-needs adults suffering from pica. The most significant form of neural larva migrans from B. procyonis results in an eosinophilic meningoencephalitis, and clinical symptoms are dependant on the number of infective eggs ingested and the severity of damage from migration. Clinical signs may include: sudden onset of lethargy, irritability, loss of motor coordination, and generalized ataxia, which can progress to opisthotonus, coma, and death. Signs can develop as early as 2-4 wk postinfection (Park et al., 2000) .
The high pathogenicity of B. procyonis larvae and the ability of raccoons to thrive in urban developments have resulted in concern as to the prevalence of the infection in different raccoon populations. Studies of the prevalence of B. procyonis throughout the US have revealed a higher distribution of B. procyonis in raccoons from the Northeast, Midwest, and Western US states (72-82%) and a much lower prevalence in the Southeast US (0-22%; Murray and Kazacos, 2004) . However, local variations in the prevalence of B. procyonis may be influenced by raccoon population density and the availability of resources (Kidder et al., 1989) . This variability identifies a need for more local investigations of infected raccoons in order to document the risk of transmission to humans and domestic animals living in a region. This especially holds true for areas like Portland, Oregon, USA, in which rapid urban expansion has amplified interactions between raccoons and people. The goal of this study is to determine the prevalence of B. procyonis in a population of raccoons in the greater Portland metro area in order to assess the risk of transmission to the local community.
MATERIALS AND METHODS
Raccoons used in this study were obtained through three organizations responsible for the trapping and relocation of nuisance and injured raccoons in Portland, Oregon, USA. These included the Audubon Society of Portland, Critter Control, and Critter Gitter. Raccoons admitted into this study were euthanized based on the criteria of the Oregon Department of Fish and Wildlife (ODFW), which were completely independent of the objectives of this inquiry. All raccoons were stored in individual garbage bags within freezers at each facility until transported to Oregon State University Veterinary Diagnostic Laboratory (OSU VDL) for processing. Personnel at each facility attached premade tags to each bag indicating the date, location of capture, and the number of raccoons obtained at each location.
At the time of necropsy, each raccoon was sexed, weighed, and age was determined. Body weight, the condition of the baculum in males and teats in females, tooth eruption, and wear of teeth were used to distinguish the juveniles from the adult raccoons. Baylisascaris is unlikely to have achieved oocyst patency in directly infected animals less than 2 mo of age (Kazacos and Boyce, 1989) . Since fecal flotation was one of the assays employed in the study, raccoons less than 2 mo of age were excluded from the study.
A modified necropsy was performed on each raccoon by exposing the abdominal cavity through a midline incision from the xiphoid process to the pubis bone. The gastrointestinal tract was removed between the colon just proximal to the rectum and the gastric cardia. Fecal samples were collected into a labeled plastic bag by emptying the contents of the colon directly into the bag. The gastrointestinal tract was then cut open with a longitudinal incision and examined for the presence of adult ascarid worms. Adult B. procyonis worms were identified and counted before being placed in a labeled plastic bag. Pre-sumptive identification as B. procyonis adults was based on morphologic features, such as range in size of approximately 12-23 cm, tan color, and general ascarid characteristics.
Fecal analysis was performed on 1 g of feces using the modified double-centrifugation technique with a sugar solution (specific gravity51.27; Foreyt, 2001 ). Slides were examined at 1003 (310 ocular, 310 objective) for the presence of B. procyonis eggs and quantified by counting ova present within the limits of the cover slip, up to 500 eggs. Egg counts greater than 500 eggs were denoted as too numerous to count.
Statistical analysis of the prevalence of B. procyonis in the sampled raccoons was done using Fisher's exact test (Ramsey and Schafer, 1997) . A P-value of ,0.05 was used to determine significance of 232 tables of prevalence between adult and juvenile raccoons, male and female raccoons, the presence of ova and adult worms in each of these parameters, as well as seasonal variation. Statistical comparison of the parasitic burden of adult and juvenile raccoons was also performed using Student's t-test.
RESULTS
From June 2005 to June 2006, 87 raccoons were collected from the Portland area. Most of the samples were obtained in August at the height of an ODFWmandated ban on the relocation of raccoons. This ban was precipitated by a canine distemper outbreak in the local raccoon population. Eighteen individuals were eliminated from the study either due to lack of information on location of capture or because they were less than 2 mo of age. Similar numbers of male and female raccoons were collected (52% and 48%, respectively), with juveniles comprising 64% of the sampled population.
The prevalence of B. procyonis in the 69 raccoons sampled is summarized based on overall prevalence, prevalence between sexes and age groups, as well as by the presence of adult B. procyonis at necropsy ( Table 1 ). The overall prevalence of B. procyonis infection was 58% (eggs and/or adult worms detected). Analysis of parasitic burdens showed that infected juveniles had a significantly higher number of B. procyonis worms than did infected adult raccoons (35 vs. 4 for average worm count, P50.013, Student's t-test) Juveniles also provided the majority (83%) of fecal samples with egg counts greater than 500 eggs/slide.
Significantly higher numbers of juvenile raccoons (70%) were infected with B. procyonis when compared to adults (36%) (P50.006, Fisher's exact test). There was no implication that gender was a factor in prevalence: 52% of males vs. 48% of females (P50.4, Fisher's exact test). In a comparison of prevalence between summer (July-September) and winter (December-March) seasons, there appeared to be no significant change (P50.5 Fisher's exact test), indicating that the time of year was not a factor. However, the power of this test was severely limited due to the small size of the winter sample group.
DISCUSSION
The zoonotic potential of Baylisascaris procyonis is a serious public health concern in Portland because raccoons are often found inhabiting areas with high human population densities. A 58% prevalence of B. procyonis in raccoons within the area confirms that there is a risk of zoonotic transmission in areas with dense raccoon populations. The prevalence of B. procyonis in Oregon has rarely been studied. The prevalence reported in this study adhered closely to the findings of some other investigations in the Pacific Northwest, specifically 61% prevalence in British Columbia (Ching et al., 2000) and 79% in Washington (cited by Kazacos, 2001 ). However, the prevalence in one necropsy-based study in southwestern Washington was reported as only 3% (McNeil and Krogsdale, 1953) . The higher prevalence of B. procyonis in juvenile raccoons (70%) found in this study is similar to trends found in other B. procyonis studies within the US, and it can be partly explained by the direct life cycle of the parasite, which specifically targets young juveniles. The lower prevalence in adult raccoons (30%) may also be a consequence of age-related immunity to B. procyonis. In addition, juvenile raccoons demonstrated a higher average number of eggs shed and number of adult worms, signifying a greater link to the spread of B. procyonis into the environment. It is therefore of particular concern that the juvenile raccoons in this study made up 64% of the total number of captured raccoons, suggesting a greater level of activity around human dwellings for this age group.
Anomalies in the data included the finding of two male raccoons (one adult, one juvenile) in which ascarid eggs were found in the absence of adult worms. Contamination of the fecal samples (false positive) was considered in reviewing this discrepancy. However, precautions were taken to avoid such occurrences by preparing each fecal sample independently. A more logical explanation is that some adult worms were not identified during the examination of the intestinal contents, which was limited to visual identification without aids such as screens or a dissecting scope. Conversely, four raccoons were found to be positive for the presence of worms and were negative for ova. Irregular production of eggs is a recognized feature of Baylisascaris infections. It is also possible that these worms had not yet reached sexual maturity.
The effects of seasonality on the prevalence of B. procyonis could not be adequately determined by this study due to the termination of the ODFW relocation ban in November. This allowed wildlife-control agents to relocate many of the raccoons and considerably limited the number of raccoons available for sampling. It should be noted, however, that the month of August showed a prevalence of 78%, which was significantly higher than the overall prevalence and which had the largest sample of raccoons. This supports the conclusion that late summer and early fall pose the best environmental conditions for the shedding and transmission of the infective larvae (Kazacos and Boyce, 1989) Additionally, the environmental hardiness of B. procyonis eggs provides ample opportunity for the spread of the parasite via water sources such as rivers, rain gutters, and reservoirs used for community drinking during Oregon's wet fall season.
Although relatively few human cases of baylisascariasis have been reported, the prevalence of B. procyonis found in Portland, Oregon, USA, raccoons suggests that the likelihood of exposure and infection is higher than previously suspected. Because B. procyonis infections are difficult to accurately diagnose and treat, prevention is critical in the control of baylisascariasis (Park et al., 2000; Wise et al., 2005) . Public health education regarding the transmission of B. procyonis from raccoons to intermediate hosts should be delivered to the Portland community, especially to families with small children or special-needs adults. Citizens should be discouraged from feeding raccoons around their houses or pro-viding a food source, such as pet food, that will attract hungry raccoons.
Although there is much debate about the efficacy of relocating nuisance raccoons, the potential to spread B. procyonis to less severely infected areas is a major concern. Antihelminthic treatment of raccoons at the time of capture, especially juveniles, should be considered prior to relocation. In areas with high numbers of raccoons, a baiting system with antihelminthics may significantly reduce B. procyonis infections in juvenile raccoons, further diminishing the risk of transmission.
Veterinarians and wildlife rehabilitators play a crucial role in the prevention of B. procyonis transmission to intermediate hosts such as domestic animals and wildlife. Wildlife rehabilitation facilities should have designated isolation areas for raccoons, and it is suggested that an antihelminthic protocol be adopted at these facilities for incoming raccoons to further eliminate the risk of transmission.
Although this study investigated the prevalence of Baylisascaris procyonis in raccoons in Portland, Oregon, USA, the population of raccoons sampled came from wildlife-control agencies that were providing a paid service to people with nuisance raccoons. Therefore, an unbiased distribution of infected raccoons could not be adequately investigated. A more active sampling program may reveal local variations in prevalence in the Portland, Oregon, USA, area and provide more insight into local factors that may be influencing infection rates, such as land use, water sources, and biodiversity.
